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Abstrae!
A floristic study of grassland vegetation in Central
Spain is described. The área has been used widely for
crop growth in spite of its low productivity and the na-
tural vegetation is depleted. Buí the exodus of rural po-
pulations and changes of socio-economic circumstan-
ces have led to the abandonement of cropland, which
tends to return to natural vegetation. A sample of 80
releves from systematic sampling has been submitted to
multivariate analysis (TWINSPAN, DECORANA)
and five distinct communities were revealed. Possible
soil factors affecting distribution of this vegetation are
discussed.
Introduction
The fíat áreas of Central Spain have been
traditionally used to grow cercáis. The study arca
is not an exception. In spite of its low productivi-
ty, the main land-use has been for centuries, crop
production. The proportion of land under cercáis
has fluctuated continually. LOPEZ-GOMEZ
(1981) showed that during the civil war and follo-
wing years even the steeper slopes were cultiva-
ted, producing even more degradation and ero-
sión of the land. The common practices of inter-
mittent cereal-fallow were not enough to restore
soil fertility and the production at this time is al-
most half of the EEC. But these trends of land-
use are changing rapidily; socio-economic cir-
cumstances have led to the abandonment of cro-
plands which tend to return to natural vegetation.
The phytosociology of some of the grassland
communities in the área has recently been upda-
ted (FUENTE DE LA, 1982), but there are few
data on the variation of associated soil proper-
ties. GÓMEZ et al. (1978) and PINEDA et al.
(1981) discussed the influence of slope morpholo-
gy on the distribution in similar pastures and
RICO et. al. (1982) and PASTOR et al. (1988)
conducted investigations on the ecology of some
of the species of these oligotrophic pastures. In
the fíat part of the territory área, although the
geomorphology is not changing there are commu-
nities that typically occupy dry slopes together
with others that mainly occur on the lower slopes
and floors of valleys (GÓMEZ et al. 1978; PINE-
DA et al. 1981). This occuring probably because
of the special properties of the soils (water-table,
accumulation of clay...) and to the repercussion
of former land-use on the fertility of soils. The
objectives of the present study are to provide a
better understanding of the communities of these
marginal and abandoned arable fields which are
spreading wider, and to study its floristic compo-
sition and relationships with physico-chemical
properties of soils. This provides a background
information to assess the possibilities of the use
of these abandoned fields as grazing lands which
have had a marked decline due to the combina-
tion of both erosión (bad cultivaíion) and high
shrub density (abandonment of land).
Study Área
The área is situated in Central Spain (North-
Easthern Madrid) and consists of several plateaus
that are the remnants of what must have been a
vaster deposit of siliceous alluviums that are com-
monly called «ranas». These deposits co-
vered the previous relief and originated from the
quartzitic mountains^ in the north of the área
(ESPEJO 1985; IBANEZ 1986). These fan depo-
sits present a typical topography with smooth slo-
pes (1-2%) on the fíat áreas of the Central part
and steep slopes along the dissected edges (15-
60%).
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The climate can be described as Mediterra-
nean, althought it shows a certain continentality.
Mean annual total rainfall ranges from 400 mm
in the southern sites to 800 mm on the northern
locations, the annual temperature being 16°C.
The dry season lasts from May to October, the
driest months being July and August with a mean
temperature of 22°C. The natural vegetation of
Quercus pyrenaica and Quercus rotundifolia fo-
rests has been destroyed by cultivation over a lar-
ger área, so that the landscape is a mosaic of ara-
ble fields with different stage of successional
communities, the mature communities being con-
fined to some prívate lands and to the steep slo-
pes of the intervalleys.
Methods
from 0-20 cm depth. The samples were air dried,
sieved through a 2 mm mesh, and sub-sampled
for chemical analysis. Exchangeable cations were
extracted in a neutral solution of ammonium acé-
tate, total phosphorus by acid digestión (ALLEN
et. al. 1974) and were determined by atomic ab-
sorption spectroscopy. The gravel content of the
soil was recorded as that fraction of the sample
which did not pass through a 2 mm sieve. Data
analysis was performed using Two-way indicator
species analysis (TWINSPAN) (HILL, 1979a)
and Detrented correspondence analysis (DECO-
RANA) (HILL, 1979b). The significance of the
differences among the groups of quadrats genera-
ted by TWINSPAN were assessed using a One-
Way analysis of variance on the soil physico-
chemical attributes. Nomenclature follows that
of TUTIN et al. (1964-80).
Field work was carried out in the springs of
1985-1986. The sample plots were confined to the
raña soils and restricted to grassland com-
munities. The sampling was made in all of the
«mesas» in sites considered representatives of the
variation of the study área. In total, 80 quadrats
of 1 x 1 m were recorded, these containing a total
of 174 different species and in each the percent of
cover of each species and bare soil were noted.
Also at these points, soil samples were taken
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Fig. 1 - A Decorana ordination of oligotrophic pastures
showing the distribution of the 5 main groups identified by
the TWINSPAIN classification.
Residís
The 80 samples from the «Rañas» forma-
tions contained 174 species of vascular plants, of
which almost half were rare in occurrence or
abundance. The TWINSPAN was made with
presence-absence data of species occurred in mo-
re than two sites or attained a cover valué of more
than 3%. The analysis with presence-absence da-
ta was more effective in grouping those sites with
similar ecological conditions that the analysis ma-
de with the cover valué of each species. The re-
sults of classification by Two-way indicator ana-
lysis are summarized in Table 1. It produces five
major groups: A, B, C, D and E, that may be in-
terpreted largely in terms of variations in degree
of soil nutrient status of the sites and in the relati-
ve wetness. Further división of TWINSPAN, se-
parated other groups specially within the D (oíd
fields) and E (pastures with Phleum pratense)
communities, that could be interpreted in terms
of the contrasting ecology of their component
species, but we did not go further because we we-
re looking for sharp communities that could be
interpreted, no only in terms of floristic variation
but in associated soil properties. In further di-
scussion we will only consider these 5 groups. The
whole five groups may be regarded as a complex
vegetation of oligotrophic pastures in which the
more widespread species (Vulpia dilata, Trifo-
lium arvense, Agrostis castellana, Vulpia myu-
rus, Trifolium campestre, T. glomeratum, T.
strialum) are common to all the groups.
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Tab. 1 - Floristic composition of groups obtained by TWINSPAN (Two-way indicator analysis). (*) Indicator species.
(o) preferencial species. ( + ) Indifferent species
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Trifolium dubium ******.**
Trifolium cherlerii +
Anthyllis lotoidcs
Convolvulus arvensis . . _******
Runex angiocarpus
Petrorraghia nauteli
Vulpia ciliata ++.
Trifotium arvense +.+
Agrostis castellana + .+++
Vulpia myuros ++..+++..
Trifolium campestre ++..
Trifoliura glomeratum + .
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GROUP A. - This distinctive wet community
occurs arround small depression where there is
seasonal standing water. Originally they were na-
tural formations but now they have been distur-
bed by man to increase their water capacity. It's
in these disturbed soils where trie A group occurs.
It is characterised by the species Trifolium du-
bium, Festucia ampia, Bromus hordaceus, Plan-
tago ¡anceolaía, Trifolium subterraneum and
more locally by Alopecurus geniculatus, Cynosu-
rus cristaíus, Trifolium stricíum, etc. The group
is clearly related to the Festuca amplae-
Agrostidetum castellanae Rivas-Martinez ined.
(FUENTE DE LA, 1982), that occurs in the more
wet places of the Northern part of the región. Wi-
thin this group there is a variant that colonizes
the permanently wet and seasonal flooded áreas
of the few remnant natural basins called «nava-
jos» in the región. Floristic composition of this
group reflects the composition of the soil that has
a relatively higher contents of sodium and ma-
gnesium and a higher pH (GARCÍA et al. 1987a).
This group is restricted to Mg, Na rich soil and
dominated by the annual pioneer species: Mentha
cervina, Eryngium corniculatum, Trifolium orni-
thopodioides, Sedum lagascae, Antinoria agrosti-
dea, etc. They may be considered as the
character-species of the association Preslio-
eringietum corniculati subas. Antinorietosum
agrostidae (FUENTE DE LA, 1982).
GROUP B. - This group is characterized by
the presence of scattered but unhealthy juniper
bushes as well as some few Lygos sphaerocarpa
shrubs. The most extensive stands of Juniperus
oxycedrus occur on the slopes of the raña surfa-
ces, but they can also be found on the fíat áreas
near the margins, where the erosión starts. The
reason for this distribution would be that it likes
well drained soils that do not occur in the fíat
«raña» surfaces but the ecology of this species
has not yet been investigated. The pastures bet-
ween the bushes are relatively rich in species but
usually they are sparse and dominated by an-
nuals. Within this group Poa bulbosa, Trifolium
subterraneum, Anthyllis lotoides, Trifolium
cherleri, Ornithopus compressus, Rumex angio-
carpus, Plantago holosteum... are importan!
components of the flora. A feature of ecological
interest, is the occurrence of Trifolium subterra-
neum in the A group (wet pastures and in group
B, as an indicator). The groups have quite diffe-
rent ecological conditions but this fact can be ex-
plained on the basis that there are two subspecies
of T. subterraneum, the subspecies brachycla-
dum which is characteristic of dryer habitáis and
the subspecies typica that prefers wet habitats
with Na rich soils. (PASTOR et al. 1980).
GROUP C. - The group shares many featu-
res with the B group. Both are in the same biocli-
matic zone and have several species in common,
but the most important variables in determining
the separation of B on the one hand and C on the
other, are soil variables. This group occurs on
soils which are fine textured and which have hi-
gher Ca and Mg valúes than those of B, due to
the position of this group on the edges of the ra-
ñas surfaces. The floristic variation is also higher
in this group, in fact its composition is the grou-
ping of communities of annual species (Tubera-
non guttae), Poa bulbosa pastures («majadales»)
and some nitrophilous species as Bromus hordea-
ceous, Convolvulus arvensis, Taenatherium
caput-medusae, Trifolium tomentosum, Bromus
tectorum, etc. It's southern distribution within
the área relates to the lower rainfall (400-600
mm). These communities are found within the
small patches of Quercus rotundifolia forest and
are characterized by the presence of species such
as Dactylis glomerata subsp. hispánica, Sangui-
sorba minar, Galium parisiense, Trifolium ge-
mellum and Lithospermum apulum.
GROUP D. - They are typical communities
on arable fields that are differentiated from other
groups by the great number of annuals such as »
Teesdalia nudicaulis, Sagina apétala, Rumex an-
giocarpus, Asterolinum linum-stellum, Hypo-
chaeris glabra, Bromus tectorum, Andryala inte-
grifolia, Trisetum ovatum, that have long been
associated with the highly disturbed open fields
conditions. They also show an irregular vegeta-
tional structure and a varied floristic composition
differential characters are the high proportion of
gravel and the poor nutrient-status of the soils,
that are the result of management practices car-
ried out in the production of cercáis (export of
nutrients through biomass cereals) together with
climatic factors. The group shows distinct geo-
graphic variants due to these climatics factors
and a number of important floristic differences
can distinguish the northern arable fields from
those of the south. Characterizing species of nor-
thern sites are Armería plantagineum, Achillea
millefolium and Corynephorus canescens. These
northern áreas are colonized by Cistus laurifo-
lius, Calluna vulgaris and Erica australis subsp.
aragonensis, in contrast with the southern distri- '
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buted communities which are colonized by Cy-
síus ladanifer and Thymus vulgaris.
GROUP E. - Is easily distinguished from the
other groups by species composition and its nor-
thern distribution within the área (Table 1). The
vegetation consists of dense to very closed stands
of Phleum pratense, Cynosurus cristatus, Festuca
rubra, Carex fusca, Trifolium repens, Nardus
stricta, etc., with a conspicuous growth oí Avena
sulcata and Arrenatherum elatius adjacent to the
shrubs of Erica arbórea and Quercus pyrenaica.
Rosa sp. may also occur as subdominant. Other
preferential species could be seen in Table 1. The
group is located on the open áreas of Quercus py-
renaica forest and mainly influencated by clima-
tic or microclimatic conditions rather than soil
properties. The valúes of soil variables are always
in the middle of the other groups with the excep-
tion of the soil moisture that was below that of
wet communities but similar to it.
The numerical classification of TWINSPAN
has been proved as a good method to differentia-
te groups (GAUCH, WHITTAKER, 1981) and
the use of them a basis for describing vegetation.
To identify important trends of variation within
the área an ordination approach was used. The
distribution of five major groups of quadrat^
on the DECORANA ordination is shown in Figu-
re 1 (groups are shown by the letter by which they
are classified by TWINSPAN). The first axis of
floristic variation was interpreted as a bioclimatic
gradient being the quadrats belonging to the nor-
thern áreas (800 mm rainfall) situated on the right
part of the diagram (Figure 1). This contrast with
the group of sites occupying the left part of the
diagram (groups B and C) that represent the sites
with lower rainfall (400-500 mm). Group D ho-
wever does not seen to follow seem this pattern of
distribution. The samples of this group are loca-
ted from north to south of the área, but they oc-
cur intermingled in the DECORANA ordination.
We can say that the main factor influencing the
floristic composition of the oíd fields and fallow
is in general disturbance (previous management
practices, age of abandonement etc). (OLSSON,
1978; AWETO, 1981a, DORMAAR, SMO-
LIAK, 1985). The second axis represented a gra-
dient of increasing soil water content. The sites
with high scores, occurring at the top left on figu-
re 2, belong to group A (wet pastures). At the op-
posite, the sites contain species more tolerant to
dry conditions (group D) and have a high propor-
tion of gravel content (Table 2). To investígate
the relationships between soil properties and
Tab. 2 - Concentralion of some soil properlies of the five groups obtained by TWINSPAN.
Valúes in parentheses are the standard error of the mean.
Difieren! letters in a ro\ indícate significan! differences between groups (P<0.05)
TWINSPAN
GROUPS B
Total
Phosphorus
(ppm)
Exchangeable
Calcium
(meq/lOOg)
Magnesium
(meq/lOOg)
Moisture*
Gravel
content (%)
268.21a
(64.28)
5 . 56ab
(0.87)
1.59a
(0.32)
4.22a
(0.55)
12.07a
(4.12)
579. 03b
(237.32)
3.94 ac
(1.34)
0.62bc
(0.07)
2.33bc
(0.42)
51 . 53b
(8.69)
227.94a
(59.78)
7.08b
(0.89)
1.42a
(0.23)
2.26c
(0.21)
22.14a
(6.53)
128.98a
(24.91)
3.34c
(0.30)
O.64b
( 0 . O5 )
1.65c
(O. 18)
47 . 23b
(3.01)
257.47a
(52.70)
5.44ad
( 0 . 46 )
1.09ac
(0.11)
3.6Oa
(0.31)
23.25a
(6.62)
* Measured on an arbitrary scale 1-5
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vegetation groups, one-way analysis of variance
was calculated with the valúes of soil attributes in
the five groups of TWINSPAN. The importance
of edaphic factors in determining different
groups can be seen in Table 2. The most impor-
tant variables appear to be: gravel contení, soil
moisture, phosphorus and calcium, although,
this depends on the special groups.
The two bioclimatic zones in the área
(RIVAS-MARTINEZ, 1983) that are relevant
factors on the distribution of forest and shrub
communities (GARCÍA et al. 1987b) appear not
to have any inñuence in the open field communi-
ties; only when the grasslands are beneath the ca-
nopy or cióse to it (groups E and C) the inñuence
of the climatic zones is apparent. On the open
fields, soil properties appear to have been the pri-
mary factors responsible for the variation of the
vegetation. The results agree with those of
SHARP, (1976) and OLSSON, (1978). The soil
conditions, on abandoned arable lands improve
over time and they gradually approach íhose of
natural grasslands (AWETO, 198Ib; DOR-
MAAR, SMOLIAK, 1985) provided that they are
not too deteriorated when they are abandoned.
Soil and vegetation components of abandoned
land are interdependent and exert reciprocal in-
fluences on one another (AWETO, 198le). That
could be seen also in those communities that are
on similar soils (Ultisols and Alfisols on Raña
surfaces) but have different soil properties among
the groups (Table 2). We must not forget also
that the Raña environment is largely a creation
of man and its future land-use will depend on
him. The decisión to allow the return of cultiva-
ted land to pastures (grazing) or to shrubs (hunt-
ting) seems justified in terms of the low producti-
vity of the crops. That would also allow the possi-
bility of restoring the fertility of soils or at least
to approach the conditions of natural pastures.
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